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(54) BARIUM TITANATE POWDER 

(57) A barium titanate powder comprising an aver- 
age particle size ranging from 0.1-1.0 ^m, a CV value 
(standard deviation of the particle size/the average par- 
ticle size) of the particle size distribution being 40% or 
less, and a zeta-potential ranging from -30 to -60 mV 
measured by a laser Doppler method using electro- 
phoresis at pH 6.4. The barium titanate powder is pres- 
intered at a temperature ranging from 900 to 1200°C. 
The barium titanate powder has superior dispersion 
characteristics in slurrying, and is capable of partly 
inhibiting agglomeration of the barium titanate after sin- 
tering. It is therefore suitable as materials for dielectric 
layers of multilayer ceramic capacitors. In particular, the 
barium titanate has a sintered density of 95% or more of 
the theoretical density thereof, and the dielectric con- 
stant is 4000 or more. 
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Description 

Technical Field 

[0001] The present invention relates to a barium titanate powder having superior dispersion characteristics whirr, 
-s suable for dielectric materials for electrical parts such as PTC thermistors and ^SSJSSSSS 

Background Art 

^LnH MU , ltilayer capacitors are manufactured by alternately laminating ceramic dielectric layers and inter- 

nal electrode layers, and then firmly pressing and sintering them to form an integrated body. Barium titrate oowder 

used t tor the ceramic dielectric ,ayers ' Recert,y the ceramic die, «" ic ^ * pSSS2^SS?£ 

hmner, so as to meet requirements of compact design and increased capacity. In order to obtain a ceramic delete 
mSEE! ^ V °!^ e t0 ' eranCe chara * eris ** * e P^de size distribution of the barium fjSS 

mustbenanarrow range of0.2to 1.0um. and the dispersion characteristics in the slurrying trf the barium titana^ow 
der must be superior. If the dispersion characteristics of the barium titanate powder in the slurry are rTgcSTe^- 
ium ttanate parte.es partly agglomerate after sintering, so that the density distribution of layer is 2 uS! Ta 
result an msulated banum titanate layer is formed in some cases, and this therefore poses a problem m^ecZc- 
ity of the condenser may not be sufficient. a piuoiemm marine capac 

S s a ndTh-n fore ; ^"T ttanate P0WdSrS ^ bee " Pr0duced by mMn 9 titanium impounds and barium com- 
pounds, and then s.ntenng them so as to cause a solid phase reaction. However, in such a production methodtte 

SZZfZZ? T ^ V madS to ^ 3t W9h tem P eratures - musing the particle sizes of th fob Z*ot£ 

SSlT 6856 ' Partde ^ diStribUti ° n thereof to and the sha P e * <"*eof * become irreg 

ular. Therefore, the dspers.cn characteristics of the barium titanate powder in the slurry is not so good Japanese Unix- 

amined Patent Pubhcation No. 330824/93 discloses a production process in which a cubic spheS. Sm titanate 
SSlfTT ^ *T Characteri8tics « be obtainad - According to the disclosure SSl^^ES 

F^^T COmP « nd f nd 9 ^ C ° mp0Und 50 35 10 wet react them and °° tain a barTumTnate Swder 
Furthermore, the banum trtanate powder having particle sizes ranging from 0.2 to 5 urn. obtained by this orcduction 

W^EEZ* a "^ Peratures ra "T *™ "0 * HOOHl Japanese UnLJS^iSSSS 
1^ ^ I S 3 productlon P rocess tor 3 barium titanate powder by a wet method. According to the disclosure 

S T r°! 3 If "T COmP ° Und ' 8 water - soluWe barium salt, and a ***^£Z£EX£ 
reacted in a strong alkali, to obtain fine particles of barium titanate strontium 

2!£L ~ h a S!°, n ;i <y r 9 ' H ! e Ue diS0l0sed a wet synthetic method in the J - Korean Ceram. Soc., vol 21 no 
] "TZ Z2 2~^t ACCOrding 10 thiS W6t Synthetic method - a mixed solution of titanium chloride and \Z urn ch£ 
r,de is reacted wrth KOH at 100-C or less, so that a finely crystalline barium titanate powder of S teXSS, 

ate powders can be obtamed. and by-products other than barium titanate are not included in the final pr«S5 

SJJLrJSr"- 1 ■ °Z , nate P ° Wder US6d for 3 dielectric layer of a mu,tna y er cer arrtc capacitor, the disper- 
s on characteristics m the slurry condition is the most important, as mentioned above. In the production processes^. 

ref T CeS ' alth0U9h imprwemente ™ i" the particle size, the ptrtSfSTdSSSTS. 
JSJ??. ? ttanat8 P0Wder ' 1116 diSperSi0n ^acteristics of the barium titanate powder are sHnSlS 

IS^llrSS^ occurs *" * is actua,,y slurried - a " «* s —«- - ^ 

45 Disclosure of the Invention 

Stir. £t. an £? eCt ?T inV6nti0n t0 a barium titanate f™*" havi "9 superior dispersion char- 

a ff; slurned condrt,on - Partial agglomeration of the barium titanate particles after sirSrim caTbe 

inhibited, thereby providing suitable barium titanate powders for materials for dielectrfc layers ^muSTcSSmS 
STT f l p " fa * r -. an °« * e P ressn * mention is to provide a barium titanate piThSSLS 

SST^f COmPaCt 't 95% ° r ° f ^ th60retiCal dSnSity and ths die,ectric consta * * ««S or Tore * 
[0007] The inventors have researched to achieve the above objects, and have discovered a barium titanate powder 
having superior d.spers.on characteristics in slurried conditions, which is suitable for materials for dTeS lye* fn 
elecjcal components such as multilayer ceramic capacitors and PTC thermistors, thereby ao^S^ESSZ 

tion of Si Z ^ SSI (i f n *? ^' at ° n0f ^ ^ SiZe/the aV6ra9e Particle size > ^ the P 3 ^ ^e diS 
ophoresit i 4 Z8,a - p ° tent ' al rang ' ng from ■» t0 " 60 mV bv a laser Doppler method using elec- 
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[0009] The invention will be explained in more detail hereinafter. The barium titanate powder according to the inven- 
tion has an average particle size ranging from 0.1 to 1.0 urn, enabling production of a dielectric layer as a thin laminate 
preferably ranging from 0.1 to 0.5 urn, and more preferably ranging from 0.1 to 0.3 urn. In the invention, the CV value 
(standard deviation of the particle size/the average particle size), which is one index of the particle size distribution of 
s the barium titanate powder, is 40% or less, preferably 35% or less, and more preferably 30% or less. The average par- 
ticle size, the standard deviation of the particle size, and the CV value are measured by observing the barium titanate 
powder through an electron microscope and analyzing the observed image. The CV value is an index of the distribution 
of all particle sizes with respect to the average particle size. The particle size distribution narrows and the particles are 
more uniform, as the CV value decreases. 

10 [001 0] In the barium titanate powder according to the invention, the zeta-potential, measured by a laser DooDler 
method using electrophoresis at pH 6.4, is in the range of -30 to -60 mV, preferably in the range of -35 to - 55 mV and 
more preferably in the range of -40 to -50 mV. The zeta-potential refers to the difference between the potential of the 
outermost shding surface of the ionic fixation layer which moves adhering to the solid, and the potential of the inside of 
the liquid, when solid and liquid electrolyte solutions move relatively. The zeta-potential varies according to the material 
In a metal oxrie such as barium titanate. the zeta-potential is an index showing acid and alkali characteristics of 
hydroxyl groups at the surfaces of particle. 

i 001 ™. thS bariUm ttenate p0Wder of the invention is P ref erably presintered at temperatures ranging 

from 900 to 1200 C. By presintering prior to sintering, thedielectric constant, the dielectric loss and the insulation resist- 
ance may be improved. 

[0012] Production processes for the barium titanate powder according to the invention are not limited A method 
using ithe Iqud-phase method, called the "sol-gel method" or the "direct synthesis method" is more desirable than 
method using reactions by heating to high temperatures, such as the solid phase method and the hydrothermal method 
in particular, reaction methods, in which aqueous solutions of titanium compounds and aqueous solutions of barium 
compounds come into contact with each other in an alkali region may be preferable. 

[001 3] More particularly, an aqueous solution of titanium compounds and an alkali aqueous solution of barium com- 
pounds come into contact with each other while being stirred, and while controlling the mole ratio of titanium com- 
pound/barium compound to the range of 0.8 to 1 .2. As the titanium compound, one or more compounds chosen from 
the group consisting of halides. hydroxides, nitrates, sulfates, acetates, perforates, oxalates, and alkoxides may be 
employed. As specific chemical compounds, titanium tetrachloride, titanium trichloride, titanium hydroxide, and titanil 
suiiate may be mentioned. Among these compounds, titanium tetrachloride is preferably used. 
[0014] As barium compounds, one or more compounds chosen from the group consisting of halides hydroxides 
nitrates, sulfates acetates, perchlorates. oxalatea and alkoxides maybe employed. As specific chemical compounds' 
barium chlonde, barium hydroxide, barium nitrate, barium sulfate, barium acetate, etc., may be employed Among these 
compounds, barium chloride and barium hydroxide are preferably used. Alternatively, halides such as barium chloride 
and barium salt compounds such as nitrates, sulfates and acetates may be beforehand came into contact with hydrox- 
ides such as NaOH or KOH which are obtained from alkali metals, and they are reacted by heating, thereby obtaining 
refined barium hydroxide, which may used. a 
[0015] One or more kinds of the above titanium compounds and the barium compounds may be used in combina- 
tion. Although the combination is optional, the following combinations are preferable for the invention. 

(1 ) Titanium tetrachloride and barium chloride 

(2) Titanium tetrachloride and barium hydroxide 

(3) Titanium tetrachloride, barium chloride, and barium hydroxide 

(4) Titanium tetrachloride, titanium trichloride, and barium chloride 

(5) Titanium tetrachloride, titanium trichloride, barium chloride, and barium hydroxide 

[0016] Preferable embodiments according to the above-mentioned production method, in which titanium tetrachlo- 
ride is used for the titanium compound, will be explained hereinafter. In the production method, a titanium tetrachloride 
aqueous solution (I) (referred to simply as "aqueous solution fl)" hereinafter) for titanium tetrachloride is prepared in a 
holding vessel. A barium compound (one or more kinds chosen from the group consisting of halides. hydroxides 
nitrates, sulfates, acetates, perchlorates. oxalates, and alkoxides) alkali aqueous solution (II) (referred to simply as 
"aqueous solution (II)" hereinafter) is prepared in a 

[Alkali concentration] 

[0017] Hydroxides such as NaOH or KOH and the like, obtained from alkali metals are used as the alkali sources 
for the barium compound alkali aqueous solution (II). The alkali concentration of the aqueous solution (II) is normally in 
the range of 0.2 to 1 5 mol/L, and preferably is at a concentration sufficient to convert the above barium compounds into 
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hydroxides; that is, the concentration should be equal to or greater than the barium ran concentration Thus the barium 
compound is mixed wrth the alkali compound beforehand, so that halides such as barium chloride, and barium salt com- 
pounds such as nitrates, sulfates, acetates are first converted into barium hydroxide, and are then mixed and react with 
the titanium compound aqueous solution (I). In methods in which a titanium tetrachloride aqueous solution and a bar- 
ium chloride aqueous solution are contacted and mixed with each other simultaneously in an alkali aqueous solution 
alternatively, a mixed aqueous solution of a titanium tetrachloride aqueous solution and a barium chloride aqueous 
solution is added to an alkali aqueous solution for a catalytic reaction, and the chlorine portion readily remains in the 
barium titanate of the reaction product. According to the invention, the barium compound is prepared beforehand as an 
alkali aqueous solution and is converted to a hydroxide, so that the reaction thereof with the titanium compound 
progresses more uniformly, and barium titanate which has less chlorine and higher purity can be produced. 
[0018] in addition, barium hydroxide may be used as an alkali source holding vessel. The aqueous solutions (I) and 
(II) are then mixed while being stirred. Aqueous solutions (I) and (II) are adjusted as follows. 

(1) Titanium tetrachloride aqueous solution (I) 
[Titanium tetrachloride concentration] 

[0019] Titanium tetrachloride concentration of the titanium tetrachloride aqueous solution (I) is 0.1 mol/L or more 
preferably ,n the range of 0.4 to 3.0 mol/U and more preferably in the range of 0.4 to 3.0 mol/L for improving purity. The 
rtamum tetrachlonde concentration is preferably higher for improving productivity since the reaction rate is extremely 
lowbelow 0.1 mol/L. In the invention, the aqueous solution of a single titanium compound like titanium tetrachloride is 
used, so that the concentration of the raw material aqueous solution can be higher, thereby improving productivity. 

[Temperature] 

u ™ e u tem P erature of tne titanium tetrachloride aqueous solution (I) is preferably maintained in the range of 30 
to 90 C by preheating, and more preferably in the range of 40 to 50 8 C. If the temperature of the aqueous solution (I) 
exceeds 60°C the titanium tetrachloride hydrolyzes and solid components precipitate. As a result, a uniform aqueous 
solution cannot be obtained, and control of the barium/titanium atomic ratio of the product becomes difficult. 

[Water used for titanium tetrachloride aqueous solution (I)] 

[0021] Deionized water, treated using an ion-exchange resin, is preferably used for the titanium tetrachloride aque- 
ous solution (I), and more preferably, dissolved gases such as carbon dioxide in the water are also removed The tita- 
nium tetrachloride aqueous solution (I) is preferably dehydrochlorinated by means of bubbling argon gas therethrough 
before rt contacts the barium compound alkali aqueous solution (II). For the treatment, the chlorine content in the 
obtained barium titanate powder can be reduced. 

[0022] Thetjtaniumtetrachlorideaqueoussolution(l)ispreferably held without contact with air. More preferably the 
dissolved gases in the titanium tetrachloride aqueous solution (I) may be removed before the reaction. If the removal of 
gas is insufficient, foaming occurs in the liquid phase in the reaction, and the shapes of the particles generated are not 



(2) Barium compound alkali aqueous solution (II) 
45 [Barium concentration] 

[0023] The barium ion concentration of the barium compound alkali aqueous solution (II) is preferably O 05 mol/L 
or more, and is more preferably in the range of 0.1 to 2.0 mol/L The barium ion concentration is preferably higher for 
improvement in productivity since the reaction rate is extremely low below 0.05 mol/L By separately preparing Ihe bar- 
ium compound aqueous solution and the titanium compound aqueous solution, and by using them as raw material 
aqueous solutions, the barium ion concentration can be high in a manner similar to the above aqueous solution (I) 
^! V ',m P T in u S productivit y without usin 9 the above hydroxide obtained from the alkali metal. That is. in aqueous 
solution i (II), the banum compound may be prepared from only barium hydroxide: alternatively, it may be prepared from 
barium hydroxide and barium compounds such as barium chloride except for barium hydroxide. Thus, the titanium com- 
pound aqueous solution (I) and the aqueous solution (II) of the barium compound and the barium hydroxide are con- 
tacted with each other, whereby barium titanate is produced. For this process, contamination by metal impurities is 
prevented since metal components except for titanium and barium are not used, so that barium titanate of higher purity 
can oe produced. 
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[Temperature] 
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5S? ^Jnl t6mP ! ratUre ° f the barium com P° und aIkali ^ueous solution (II) is preferably maintained in the ranoe 
of 80 to 1 00'C by preheating, so that reaction with the titanium tetrachloride aqueous solution (i) is p omSei TheTeac 

rn^eact.on of the aqueous solutons (I, and (II), so that the bariunVtitanium atomic ratio of the obtained barium wiN be 
[Water used for barium compound alkali aqueous solution] 

[0025] Deionized water treated using an ion-exchange resin is preferably used for the barium comoound alkali 
aqueous solution (II), and more preferably, dissolved gases such as carbon diide in tne water beTmT* 

[Filtration treatment] 

[0026] Although the barium compound alkali aqueous solution (II) obtained by the above method can be used as it 
tmS SSL"*? (N) iS r fer ?'j: ,ittered in ad ™<*. -o •* the bariunvmanium atomic 3?«b?e5 c°n- 
E£?E? SSh PU y ^ f Vely 66 0bt8ined - F ° r examp ' e ' When Na0H is used as a " alkali *W sodfumSr- 
SJL S 3 K 'T^ r6aCtS the barium Compound ' and carbonate precipitates. Sincere 

precipitated bar.um carbonate contaminates in the reaction, it is preferably removed beforehand by the filtering In ^con 
trast. ,n the converge, method, a mixed solution of a titanium eonpouJ^.b^con^ilSJSl 

EZSLESZ T'T^ ' tteniUm 00 " ,po,Jnd aqUSOUS "**» and a terium ^" d aqueoufslron afe 

to a "1 3 J ^ Ue ° US SOlUt, ' 0n ' ° f thS aque0US SO,utions are mixed ~* other to beaded 

to an alkal, aqueous solution. Compared to the conventional methods, the method of the invention in which a baTium 

with each other, can yield barium ftanate of higher purity. comaciea 
[00271 The barium compound alkali aqueous solution (II) described above is preferably held while avoiding contact 

S£ m^X^^T aqueous solution ^ barium — - 

heSnafteT^ ^ *" aqU6 ° US S ° IUti ° nS (0 and are ***** with each w '" 
[0029] First, the alkali concentration of the aqueous solution (II) is adjusted so that the pH during contact and reac- 
tion « 13or more, preferably 13.5 or more, and more preferably 13.8 or more. In oider to Mnl^eTJZ- 
mmed P H vaJuedunng the reaction, an alkali aqueous solution such as a NaOH aqueous Son m££ ^SS at 
lES? rat6 ram a " °P tional ■«* ^ An alkali aqueous solution which is ad°S 5? «SS25 
concentrat.on may preferably be injected into a reaction vessel in advance, and then the aoueous solutions Tn ^m 
are added thereto to contact with each other. The alkali aqueous solution X ^^ylZ^to^^^ 

S3KtT? ,S Pr6heated t0 8 temperatUre hi9her *" rea * ion ^eraSeS^T^er^e 

nn j adiusted to reac,ion tempera,ure aner •» aque ° us ■*««■ » «« co « ■srssrs 

PH value in the reaction is maintained constant, so that a uniform reaction is maintained As a result ZImI! 
titrate having a controlled barium/titanium ratio is produced maimameo. as a result, uniform barium 

5S?ta 1 2 wt?, 0 !!! 6 111016 ^ ° f titan ' Um «*W«barium compound is preferably controlled in the range 
but ^thf 23 ? qUe °T (D "* 3re C ° ntaCt9d and r6acted with each <*■*• N « only the mole ratta 

e^ltSf ^ 0nCentrat,0n ,n ^ reaction svstem ° f Itanium compound or the barium cornpound, is pre* 

SS^ZSTJ^ JT TT f 5 P0SSib ' e ,r ° m *" initi3ti0n " » e reaction to 4,16 °' Action so 

that the reaction proceeds umformly. In a method in which the alkali aqueous solution is injected into the reaction vUsS 

ZT£ and *" ^TTT SOlUti ° nS ( ° ^ ^ addad th ^ et °- the oonoanrttoSSSTiS, urn compTund 
J2.Il? Um are d,luted in the inrtial sta 9 e ° f *• reaction. A reaction under diluted condrtionTresX"n a 

banum^tammotomie ratio m which the amount of barium trtanate is too low. Therefore, the barium c^mUund u^ 

fotl L,t f aqU6 ? US S0 ' Uti0n (M) ° r the tteni,Jm com P° und used beforena n d the aqueous nhZ ta adS 
to the alkal, aqueous solution in the reaction vessel. In particular, the concentrate of the barium Lmpound aiS tnt 
banum/btanium atomic ratio in the barium titanate produced. Therefore, the barium compound i Sy S 
the alkali aqueous solution in the reaction vessel, as mentioned above preieraoiy aaaed to 

[00311 Next, the aqueous solutions (I) and (II) are supplied from the holding vessel to the reaction vessel via oioes 
by means of pumps, and are stirred and contacted with each other. In this condition, ^SSSSSiTJdm 
m continuous, y su PP' ied in t° the reaction vessel at a constant feed rate, n £S ratio o 

titanium compound/barium compound is adjusted to be in the range of 0.8 to 1 .2. preferably h nra ^oM 0 to ? 2 
and more preferably ,n the range of 1 .07 to 1 .12. The aqueous solutions (I) and (II) should be st£l 3 ajteto? £ 
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vided in the reaction vessel when they are supplied into the reaction vessel. If no agitator is provided chaotic flow mav 

25^^ mixins and the ,ike * 50 that the aqueous solutions (0 and ™ " ^ SSS^ 

[0032] The reaction temperature during contact and reaction of the aqueous solutions (I) and (II) is oreferablv set 

SI ♦I** Tf ° US S ° IUli0nS (,) and (l l} are contacted wi * each other in the reaction vessel, and this is stirred for 
a suff cent time (a few seconds to 20 minutes) so that particulate barium titanate is produced, The proLced barium 

£ T^T m0U % rr 1 * 1 35 3 S ' Urry (COntinU ° US reaction >' or be **«™™ y removedlSe reac 
tion in the reaction vessel (batch reaction) is completed. 

2SJL r= 1116 th "! L Pr °? ^ b3riUm * itanate iS Preferab,y twatod with a heat frea1m errt in the slurry condition after the 

ame asS treatment * n0rmal,y in the ran 9 e * 80 * 1«TC whiffs tte 

same as the reaction temperature, or at a htgher temperature in the range of 100 to 200°C. The period for heat treat- 

hiT. eaZf ° f 1 minUte to l° ^ ^ iS Preferab * y in the ra "9 e * 1 minute to *> minute 
2££37* * 7 compounds and unreacted barium compounds will completely react, and the crys- 

tataty a the particles ,s .mproved by the heat treatment of the particles. As a spectfic method, the sluaytnCudfnX 
, ,S ^ at 9 Predetermined tem P**ture ** • Predetermined period in tne ZT«V^ 
aging tank to wh,ch the slurry ,s transferred from the reaction vessel. After the heat treatment, the barium ttanate^ 
washed^ unreacted chemical compounds and the alkaline component, and byproducts of M^^SS^Z 

bTad^t^ 

be adopted for the washing and the isolation. After the isolation, the barium titanate is dried byheating n air or in in^ 

ISIS I 'r ^ raP9e * 50 t0 30 °° C ' " alternative,y in v " uum at a «" «2 range to 

™ ? ^ °° mp0nentS Sre Ultimately removed ' and 1,16 barium titanate powder is refined 

of 1200 to 1300 C. when it is to be used for dielectnc layers in multilayer ceramic capacitors. Dielectric characteristics 
such as dielectric constant are improved by presintering in advance as described characteristics 

!E2L ™ e r rtide Si !f n and ^ CV value * the barium titanate P 0 ^^ thus P r °°""<®d were measured The parti- 
cle size was in the range of 0.1 to 1.0 urn. and the CV value was 40 % or less, and thus barium titanat^er hSna 
Z'ZC 01 ? ^distribution characteristcs was obtained. The zeta-potentia. was in tTJ?5S?!Z! 
measured by a laser Doppler method using electrophoresis of the barium titanate powder at P H 6.? thereby JStMn 
nTrZ iTSS™ CharaC ! er l iStiCS - ^ ***** obtained by sintering'the barium ftJTSSSS 

r^Ti SUPen0r d ' eleCtr,C ehOTCtete «» " which the density thereof is 95% or more of the ttamL de H 

?J£Z?ZE£T1£ T ^ th6 diSleCtriC 1055 iS 20% or less - and the insu,8 «o" resistance ?2 x 10* 
£1 or mo e. In the barium trtanate powder of the invention, the particle size distribution is narrow the dispersion charac 

EST^Z" T, ri ° r ' "* the 6l6CtriCal a <* superior; il is thereto* Th^ly suSeTa rn^S 

fordielectnc layers in multilayer ceramic capacitors. «««««ic««wi 

Best Mode for Carrying out the Invention 

[0037] Examples of the invention will be explained hereinafter. The various physical properties of barium titanate 
powders produced by the examples were measured by the following methods. 

(1 ) Average particle size, CV value 

Sdh«,^"?Xf7 Cte ^ e ^ t 5 # oWalned terium P^der was measured by electron micrography 

obtained " ' ° V ^ d6Viati0n d "■"**• ^average particle sS) w2 



so (2) Zeta-potential 



55 



2HS • ^ 2 ^1° ten !: al " han thS ° bteined barium titanate powder suspended in pure water was obtained by 
he following method based on the laser Doppler method. That is, DELSA 440SX provided by CouHer cTJaTiS 2 

SSK^.TIr^ inSfrUment A ^ ° f *• bariUm titanate P0Wder dS?SS 
£5£ Li 1 ?!? .^ ncentration to 0 005 % at PH 6.4. Then, it was vbrafed for 3 minutes by Sa- 
sonic waves and was injected into a measuring cell of the above measuring instrument. The zeta-potential was meas- 
ured, after the cell temperature was stabilized within the range of 25 ± 0.2°C. 
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(3) Barium/titanium atomic ratio 



[0040] The barium/titanium atomic ratio (Bam ratio) of the obtained barium titanate powder was obtained by the 
following method. That is, with respect to barium, the sample was decomposed by adding sulfuric acid, ammonium sul- 

s fate, and nitric acid, and was dissolved by adding water. Then, the barium component in the sample was precipitated 
as barium sulfate, and the solution was filtered. The remainder of the sample was incinerated, ignited, and cooled, and 
then the barium sulfate was weighed to determine the quantity of barium, in the meantime, with respect to titanium, the 
sample was decomposed by adding sulfuric acid, ammonium sulfate, and nitric acid, and was dissolved by adding 
water. Hydrochloric acid and sulfuric acid were added to the sample, then titanium (IV) was reduced to metallic alumi- 

io num. After cooling the sample, an ammonium sulfate iron (III) standard solution was titrated to the sample using an 
ammonium thiocyanate solution as an indicator so as to determine the quantity of titanium. 

(4) Dispersion characteristics A 

is [0041 J In order to confirm the dispersion characteristics of the obtained barium titanate powder, the barium titanate 
powder was suspended in water, and the average particle size was measured by a laser light scattering method particle 
size measuring instrument, LA700 (made by HORIBA), and it was compared to the SEM diameter measured in the 
above. 



20 (5) Dispersion characteristics B 

[0042] In order to evaluate the dispersion characteristics of the barium titanate powder, the powder was dispersed 
in an organic solvent and was coated in a sheet. The sheet was observed by electron microscope to evaluate the uni- 
formity of the thickness thereof 

25 

(6) Sintered density, electrical characteristic 

[0043] The barium titanate powder was sintered, and the sintered density thereof was measured based on the 
Archimedes method. Sintered density (%) refers to the percentage of the theoretical density of 100. The dielectric con- 
so slant and the dielectric loss were measured by an LCR meter (1 KHz. 1 V). The insulation resistance was measured 
using an insulation resistance tester (IR meter). 

Example 1 



[0044] A TiCI 4 aqueous solution (TiCI 4 concentration of 0.5 mol/L) heated to 60°C and a mixed aqueous solution of 
Ba(OH) 2 and NaOH (the Ba(OH) 2 concentration being 0.3 mol/L; the NaOH concentration being 2.8 mol/L) heated to 
60°C were maintained at pH 13.8 or more, and were continuously supplied to a reaction tank in containing a NaOH 
aqueous solution maintained at 90°C was filled. Then, the slurry including BaTi0 3 generated in the reaction tank was 
supplied to an aging tank, and aged for 5 minutes. Then, the slurry including BaTi0 3 was continuously extracted from 
the aging tank and was filtered so that the BaTi0 3 particles were isolated. After the BaTi0 3 particles were repeatedly 
washed until chlorine ions could not be detected, the particles were dried in a vacuum at 50°C so as to obtain barium 
titanate powder. 

[0045] The average particle size, the CV value, the zeta-potential, and the Bam ratio (the above (1) to (4)) were 
measured. The results are shown in Table 1 . The dispersion characteristics were evaluated by making a sheet from the 
powder. Consequently, there was absolutely no problem in practical use, and no nonuniform thickness portion was 
observed. 



Examples 2 

so [0046] The barium titanate powder obtained in Example 1 was presintered at 1000°C for 1 hour and was cooled to 
room temperature. Then, the barium titanate powder was crushed, and sintered in air at 1250°C for 2 hours so as to 
obtain a sintered compact The above mentioned measurements (6) (sintered density, dielectric constant, dielectric 
loss, and insulation resistance) were performed on the sintered compact. The results are shown together in Table 1. 

55 Examples 3 



[0047] A sintered compact of barium titanate according to Example 3 was obtained by the same process as in 
Example 2, except that the presintering in Example 2 was omitted and sintering was performed in air at 1200°C for 2 
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hours. The measurements according to the above (6) were performed and the results thereof are shown toqether in 
Table 1 . a 

Example 4 

[0048] A flask with a stirring device and a capacity of 2000 cc made by stainless steel was provided as a reaction 
vessel. A NaOH aqueous solution with a concentration of 0.92 normal was injected beforehand into the reaction vessel 
and the NaOH aqueous solution was maintained at about 90°C. 

[0049] A TiCI 4 aqueous solution (using ion-exchanged water; TiC^ concentration of 0.472 mol/L) which was 
heated and held at 40»C, and a BaCI 2 /NaOH aqueous solution (using ion-exchanged water; BaCI 2 concentration of 
0.258 mol/L; NaOH concentration of 2.73 mol/L) from which the undissolved portion was removed and which was 
heated and maintained at about 95°C were prepared. These aqueous solutions were continuously supplied by pumps 
into the reaction vessel at a teed rate of the TiCU aqueous solution of 77 cc/min and a feed rate of the BaCIVNaOH 
aqueous solution of 151 cc/min. In this procedure, the mole ratio of TiCI 4 /BaCI 2 was 1 .07. The temperature of the mixed 
aqueous solution in the reaction vessel was adjusted to be constant at about 90'C, and the mixed aqueous solution was 
stirred for 2 minutes so as to obtain particulate barium titanate. Then, the slurry including the produced barium titanate 
was continuously extracted from the reaction vessel and sent to an aging tank which was maintained at about 90"C by 
a pump at the total feed rate of the TiCI 4 aqueous solution and the BaCI 2 /NaOH aqueous solution. Then, the pump was 
stopped and the slurry was stirred for 5 minutes. Next, decanting was performed in the aging tank so as to separate the 
supernatant and the sediment, and centrifugal separation was carried out. Then, pure water washing decanting and 
centrifugal separation were performed several times, and barium titanate powder was collected. The collected barium 
titanate powder was dried by heating in air at 100°C. and barium titanate powder according to Example 4 was obtained 
The same measurements as in Example 1 were performed and the results thereof are shown together in Table 1 . 

25 Example 5 

[0050] A flask with a stirring device and a capacity of 2000 cc made by stainless steel was provided as a reaction 
vessel. A NaOH aqueous solution with a concentration of 0.77 normal was injected beforehand into the reaction vessel 
and the NaOH aqueous solution was maintained at about 90°C. 
so [0051] A TiCI 4 aqueous solution (using ion-exchanged water; HCI 4 concentration of 0.466 mol/L) which was heated 
and held at 40°C, and a BafOH^NaOH aqueous solution (using ion-exchanged water; Ba(OH) 2 concentration of 0 264 
mol/L; NaOH concentration of 2.09 mol/L) from which the undissolved portion was removed and which was heated and 
maintained at about 95°C were prepared. These aqueous solutions were continuously supplied by a pump into the 
reaction vessel at a feed rate of the TiCI 4 aqueous solution of 80 cc/min and a feed rate of a Ba(OHWNaOH aqueous 
solirton of 158 cc/min. In this procedure, the mole ratio of TiCl4/Ba(OH) 2 was 1 .1 1. The temperature of the mixed aque- 
ous solution in the reaction vessel was adjusted to be constant at about 90°C, and the mixed aqueous solution was 
stirred for 2 minutes so as to obtain particulate barium titanate. Then, the slurry including the produced barium titanate 
was continuously extracted from the reaction vessel and sent to an aging tank which was maintained at about 90"C by 
a pump at the total feed rate of the TiCI 4 aqueous solution and the Ba(OH) 2 /NaOH aqueous solution. Then the pump 
was stopped and the slurry was stirred for 5 minutes in the aging tank. Next, decanting was performed in the aging tank 
so as to separate the supernatant and the sediment and centrifugal separation was performed. Then, pure water wash- 
ing, decanting and centrifugal separation were performed several times, and barium titanate powder was collected The 
collected barium titanate powder was dried by heating in air at 100°C. and the barium titanate powder according to 
Example 5 was obtained. The same measurements as in Example 1 were performed, and the results thereof are shown 
45 together in Table 1. 

Example 6 



35 



40 



[0052] A barium titanate powder according to Example 6 was obtained by the same process as m Example 4 
so except that a TiCI 4 aqueous solution with a TiCI 4 concentration of 2.25 mol/L was supplied at a feed rate of 1 00 cc/min 
and a BaCI 2 /NaOH aqueous solution with a BaCI 2 concentration of 1 .25 mol/L and a NaOH concentration of 8 3 mol/L 
was supplied at a feed rate of 200 cc/min. The same measurements as in Example 1 were performed and the results 
thereof are shown together in Table 1 . 

55 Comparative Example 1 

[0053] A flask with a stirring device and a capacity of 2000 cc made by stainless steel was provided as a reaction 
vessel. A NaOH aqueous solution with a concentration of 0.92 normal was injected beforehand into the reaction vessel, 
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and the NaOH aqueous solution was maintained at about 90°C. 

M a 9 ue ™ssolution ( usi "9 ion-exchanged water; TiCI 4 concentration of 0.472 mol/L) which was heated 

and held at 40 C, and a BaCI 2 aqueous solution (using ion-exchanged water; BaCI 2 concentration of 0.258 mol/L) from 
which the undissolved portion was removed and which was heated and maintained at about 95'C were mixed so as to 
3 71Cl t /BaC, 2 mixed a °. ue °us solution- Then, the mixed aqueous solution was continuously supplied by a pump 
into the reaction vessel at a feed rate of 77 cc/min. In this procedure, the temperature of the mixed aqueous solution in 
the react.on vessel was adjusted to be constant at about 90°C, and the mixed aqueous solution was stirred for 2 min- 
, S °i S l°^^ ain p u articulate barium titanate - Then . »e slurry including the produced barium titanate was continu- 
ously extracted from the reaction vessel and sent to an aging tank which was maintaned at about 90°C by pump at a 

io feed rate of 77 cc/min. Then, the pump was stopped and the slurry was stirred for 5 minutes. Next, decanting was per- 
formed in the aging tank so as to separate the supernatant and the sediment, and centrKugal separation was carried 
out Then, pure water washing, decanting, and centrifugal separation were performed several times, and barium titan- 
a e powder was collected. The collected barium titanate powder was dried by heating in air at 100'C, and barium titan- 
ate powder according to Comparative Example 1 was obtained. The same measurements as in Example 1 were 

is performed, and the results thereof are shown together in Table 1 . 

Comparative Example 2 

[0055] A barium titanate powder according to Comparative Example 2 was obtained by the same process as in 

ST^Tf T P 6 1 " ** 3 TiC ' 4 aqu60US S0luti0n ( usin 9 ion banged water; TiCI 4 concentration of 2.25 
mol/L) and a BaCI 2 aqueous solution (using ion-exchanged water; BaCI 2 concentration of 2.5 mol/L) were mixed to pre- 
pare a m.xec I aqueous solution. The same measurements as in Example 1 were performed, and the results thereof are 
snown together in Table 1 . 

25 Comparative Example 3 

I0056 ! a K, A ^ Sk With 3 Stirr ' n9 d8Vice and 8 c>pacHy * 2000 cc made bv 8Wrt «« steel was provided as a reaction 
ITS.' w £ 3qUe ° US S f IUti0n 3 c™*™** 0 " °f 0-92 normal was injected beforehand into the reaction vessel 
and the NaOH aqueous solution was maintained at about 90°C. 

127 m ^™? 4 a ^ ue ° us 0 f lution ( usin 9 ion-exchanged water; Tid 4 concentration of 0.472 mol/L) which was heated 
and he d at 40 C. and a BaCI 2 aqueous solution (using ion-exchanged water; BaCI 2 concentration of 0.258 mol/L) from 
which the undtssolved portion was removed and which was heated and maintained at about 95°C were prepared 
These aqueous solutions were continuously supplied by a pump into the reaction vessel at a feed rates of the TiCL 
aqueous solution of 77 cc/min and a feed rate of the BaCI 2 aqueous solution of 151 cc/min. The temperature of the 
m«ed aqueous solution in the reaction vessel was adjusted to be constant at about 90°C, and the mixed aqueous solu- 
tion was stirred for 2 minute so as to obtain particulate barium titanate. Then, the slurry including the produced barium 

90 C by a pump at the total feed rate of the TiCI 4 aqueous solution and the BaCI 2 aqueous solution. Then, the pump 
was stopped and the slurry was stirred for 5 minutes. Next decanting was performed in the aging tank so as to separate 
3 f ent ' 3nd centrHu 9al separation was performed. Then, pure water washing, decanting and 

centn fugal separation were performed several times, and barium titanate powder was collected. The collected barium 
titanate powder was dried by heating in air at 1 00'C, and the barium titanate powder according to Comparative Exam- 
ple 3 was obtained. The same measurements as in Example 1 were performed, and the results thereof are shown 
logeiner in table i . 



30 
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Comparative Example 4 

[0058] A BaC0 3 powder and a T»0 2 powder were prepared, and these base powders were weighed so as to be in 
a one-to-one at mole ratio. These powders were put into a ball mill with water and zirconia balls (1 .5mm diameter) and 

° btained S ' Urry ^ PUt int ° 3 dri6r was dried at 150 ° C *> a * to obtain a mixed 
powder. Then, the mixed powder was placed into an electric furnace and sintered at 1000°C for 4 hours and solid 
phase chemical reaction between BaC0 3 particles and Ti0 2 particles occurred, and a barium titanate powder was syn- 
hesized. The measurements (1) and (2) were performed on the obtained barium titanate powder, and the results 
thereof are shown together in Table 1 . 

Comparative Example 5 

[0059] 0.1 mole of titanium isopropoxide (71 (0-i-C 3 H 7 ) 4 ) was accurately weighed and was placed into a Teflon 
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beaker having a capacity of about 400 ml v^th about 30 ml of 

E^^^E , m ° SOCfiUm hydr ° Xide W3S added t0 the solution **> sti ™9 *• solution so tha'ns 
hydrolyzed. Then, 0.15 mole of banum chloride was added to the reaction solution, and todrofter^ 
performed us,ng an autoclave for 4 hours at 160*C and 10 kg/cm* while stirring. The 

rern^ed after the reason was completed, and was washed andfiltered several times, and was ^^SS^SS 
tocM banum M^ powder The same measurements as in Comparative Example 4 were pStoSSd to tne 
obtained barium trtanate powder, and the results thereof are shown together in Table 1 P erft >™* to the 
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[0060] As is clearly shown in Table 1 , in the barium titanate power according to the invention the particle size dis- 
ttubon « narrow s.nce the CV value is small compared to conventional barium?itanate powSs and 5E2Sta5^ 
acterrstics are supenor ance the zeta-potential is low and the difference between the SEMd^m^er an^^e average 
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particle size measured by the laser light scattering method is small. Moreover, the Ba/Ti ratio is very close to 1 In addi- 
^rTT^** ° f EXamP ' e * " WhiCh barium titanate * inven «°" simered after Priil^g 
slSSS^ 

^ described , above ' according to the barium titanate powder of the invention, the dispersion characteristics 
^ r6markab,y Pr ° miSing 35 materialS * Ceramic 'a^TaS 

Claims 

1 . A barium titanate powder comprising: 

an average particle size ranging from 0.1 to 1 .0 jim 

U% oTSS dard devia1ion 01 the particle size/the average p^ 016 size) * the p 3 ^ 16 size distribution ° f 

a zeta-potential ranging from -30 to -60 mV measured by a laser Doppler method using electrophoresis at pH 

3. A barium titanate powder according to claim 1 . wherein the barium titanate powder is obtained by mixinq and react- 
ing a titanium compound aqueous solution and a barium compound alkali solution. 

4. A barium titanate powder according to claim 3, wherein the titanium compound is titanium tetrachloride. 

5 " iSSH CSt^ Wder aCCOrdin9 10 ^ 3> Wherei " *" b3riUm COmP ° Und iS 31 least 0ne °» chloride and 



Amended claims under Art 19.1 PCT 

1. A barium titanate powder comprising: 

an average particle size ranging from 0.1 ~ 1 .0 fim 

IZ S% oS a2d deVia1i0n d ^ Partde 3Vera9e PartCte ° f *" P 3 ^' 6 size disfribution 

a zeta-potential ranging from -30 to -60 mV measured by a laser Doppler method using electrophoresis at P H 

furt wmtoT^o™*" 9 10 ^ 1 " thS b3riUm P0Wder is « a 

3. (Amended) A barium ttenate powder according to claim 1. wherein the barium titanate powder is obtained bv 

alka,i « T°° °! one " more conpounds chosen from 

ides, hydroxdes. nitrates, sulfates, acetates, perchtorates and oxalates with a barium compound alkali solution. 

4. (Added) A barium titanate powder according to claim 3, wherein the titanium compound is a titanium halide. 

5. A barium titanate powder according to claim 3. wherein the titanium compound is a titanium tetrachloride. 

^balrn 5^ aCCOrdin9 10 ° ,aim ^ tarium COmP ° Und iS 31 ,6aSt °" e of "»*m chlorkie 

Statement Under Art. 19.1 PCT 

In amended claim 3. titanium compounds as raw materials are concretely recited, thereby specifyina that claim 3 
does not .nclude Manium alkoxide as a raw material as disclosed in JP 04-012020 and JP o5S2^2?£?4 
the ttamum compound . restricted to a titanium halkle. The citations are silent about such descriptk, n FuXmore! 
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the citations are silent about the CV value and the zeta-poterrtial. The barium titanate powder of the invention can 
exhibit superior dispersion characteristics in slurrying, and has superior dielectric characteristics when the powder is 
sintered. 
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